A B S T R A C T Clomiphene citrate, an "anti-estrogen" with mild estrogenic properties, inhibits rather than stimulates gonadotropin excretion in prepubertal and early pubertal children. These and other data suggest that the sensitivity of the hypothalamic-pituitary "gonadostat" decreases at the onset of puberty. To test this hypothesis further, the daily excretion of urinary folliclestimulating hormone (FSH) and luteinizing hormone (LH) was determined in 19 children (5 "short normals" and 14 with isolated human growth hormone (HGH) deficiency) who were given ethinyl estradiol (EE) 1.4-14.7 Ag/m2 per day (2-10 Ag/day) for 4 to 7 days. In addition, plasma and urinary gonadotropins and plasma estrogens were serially determined in two prepubertal females( with isolated HGH deficiency) given two injections (24 h apart) of estradiol benzoate, 10 isg/kg.
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FSH and LH concentrations in plasma and kaolin-acetone urinary concentrates and plasma 173-estradiol (E2) and estrone (El) were measured by radioimmunoassays. 2-3 Ag/m2 per day of EE significantly suppressed urinary FSH (and LH when detected in the control period) in two out of six prepubertal children, while all doses > 5 ,ug/m2 per day suppressed urinary gonadotropins to undetectable levels in eight prepubertal subjects. In early to midpubertal subjects, 2-10 Ag/m2 per day of EE produced a slight suppression of urinary FSH, but failed to suppress to undetectable levels. Two subjects in late puberty (stage 4) did not suppress their urinary FSH while on 7 and 8.3 Ag/m2 per day. In both subjects treated with estradiol benzoate, plasma FSH promptly decreased after the first injection. Urinary FSH was suppressed to < 0.1 IU/day on day 2 
INTRODUCTION
Mounting evidence suggests that the gonads in the prepubertal human being are not quiescent and, in fact, play a significant role in regulating the release of gonadotropins (1-4). Previous reports from this laboratory (5, 6 ) demonstrated that clomiphene citrate, an "anti-estrogen" with mild estrogenic properties, suppresses the excretion of urinary follicle-stimulating hormone (FSH) in prepubertal children. As little as 1 mg/m2 per day of oral clomiphene citrate decreases urinary FSH in prepubertal children, while approximately 100 mg/m' per day is required to inhibit FSH in early to midpubertal subjects. These and other data (summarized in reference 1) suggest that a negative feedback system is operative in prepubertal children and that a decrease in the sensitivity of the negative feedback center is the initiating factor governing the onset of puberty in man. The purpose of the present study was to test this hypothesis further by administering various dosages of potent estrogens to prepubertal and pubertal children.
METHODS
The daily excretion of urinary FSH and luteinizing hormone (LH) was determined in 19 children for 2 to 4 days before and 4 to 7 days during the oral administration of (Table I ) consisted of 5 healthy but "short normal" children and 14 children with an isolated deficiency of growth hormone documented as previously described (7, 8) . Thyroid and adrenal function studies were normal in all of the subjects. No differences in gonadotropin excretion or in the plasma concentrations of LH and FSH have been noted between normal children and children with isolated growth hormone deficiency. Further, spontaneous pubertal development has occurred in seven out of eight of our patients with isolated growth hormone deficiency who are 14 yr or older (unpublished data). Pubertal development was carefully assessed in each patient and staged as previously described (1, 9, 10) : P1, prepubertal, through stage P5, adult body contours and secondary sex characteristics. One-half of the total daily dose of ethinyl estradiol was given every 12 h throughout the treatment period. In addition, the plasma concentrations of LH, FSH, estrone (E1),' 17p-estradiol (E2), and the excretion of urinary gonadotropins were serially determined in two prepubertal females with isolated human growth hormone (HGH) deficiency (patients 20 and 21- Table I ) who were given two intramuscular injections (24 h apart) of estradiol benzoate, 10 ug/kg per injection.
'Ethinyl estradiol was selected because it is a potent estradiol derivative, which is effective when administered orally.
i.m., 3 times/wk.
All studies were carried out in the Pediatric Clinical Research Unit under close supervision. Completeness of the urine collections was verified by determining the daily excretion of creatinine. Informed parental consent was obtained. Bone age estimates were determined according to the standards of Greulich and Pyle (11) . All statistical analyses were performed by the Mann-Whitney modification of the Wilcoxon-Rank test (12) .
FSH and LH concentrations in plasma and kaolin-acetone urinary concentrates were determined by radioimmunoassay as previously described (5, 6, 13, 14) . In brief, the highly purified pituitary gonadotropins, LER-869-2 (FSH) and LER-960 (LH) were used for iodination with '31I in both the plasma and urinary radioimmunoassays and as the standards for the plasma specimens: the 2nd International Reference Preparation-human menopausal gonadotropin (IRP-HMG) was used as the urinary standard. 90-ml aliquots of the 24-h urine samples were concentrated to 2.0 ml by a modification of the kaolin-acetone technique of Albert (15) . All plasma samples and urinary concentrates were assayed at two or more different dilutions to insure parallelism with their respective standards. Urine samples from each individual were concentrated 'at the same time and processed in the same assay. To examine the variability of this technique, two 24-h urine collections from two normal adults and one patient with the syndrome of gonadal dysgenesis were processed completely in triplicate. This gave an overall average intraassay coefficient of variation of 9.3% for FSH and 13.8% for LH. The interassay coefficient of variation of a high titer urinary concentrate (eight assays) is (18)). The columns were prepared by shortening a thick-walled, Pasteur pipette (12-1301, Bellco Glass, Inc., Vineland, N. J.) and fitting the tip snugly into a Tomac 3-way stopcock (17108, K-75, American Hospital Supply, Evanston, Ill.). A 3 mm diameter silicone bead and a small pledget of glass wool were used to support the Sephadex LH-20 columns. The elution pattern was remarkably constant and is summarized in Table II . These columns have been reused for up to 4 mo, but they must be washed with freshly prepared solvent for at least 90 min before each assay. The appropriate column eluates were evaporated to dryness and dissolved in 1.0 ml of spectrograde methanol; 0.2 ml was removed to monitor procedural losses and the remainder was dried down and submitted to radioimmunoassay. The average recoveries of [ A simulated column eluate (1.0 ml for the estrone assay and 1.5 ml for. the 17j3-estradiol assay) and 0.8 ml of methanol were incorporated into the standard curve tubes. These modifications greatly decreased the methodologic blanks. 2-ml deionized water blanks (N = 17) averaged 4.4+1.1 pg SEM in the estrone assay and 3.0+0.8 pg SEM in the 17p-estradiol assay; blank values less than 5 pg are not subtracted from reported values. Occasionally, blank values greater than 5 pg are obtained and in those instances the blanks are subtracted before correcting for procedural losses.
Previously, we used 0.1 ml of a 1/500,000 dilution of a rivanol-treated and bovine serum albumin-absorbed sheep antiserum to 17#9-estradiol-17-succinyl-BSA ( Table III . Urinary FSH decreased in four of the six prepubertal boys who were given 2 Ag/day, but the changes were statistically significant in only two patients (1 and 3). In contrast, urinary FSH excretion was suppressed to < 0.1 IU/day in all of the patients who were given 5 or 10 Ag/day of ethinyl estradiol; ethinyl estradiol also suppressed the excretion of urinary LH when it was consistently detected in the control period (patients 1 and 12).
The response of pubertal children to ethinyl estradiol treatment was less constant (Table IV) The effects of parenteral estradiol benzoate on plasma and urinary gonadotropins in patients 20 and 21 are illustrated in Figs. 1 and 2 . In both patients, plasma FSH decreased significantly on the 1st day and remained suppressed for the duration of the study. Plasma LH concentrations also decreased slightly in these patients. Significant suppression of urinary FSH did not occur until the 2nd treatment day. As in most prepubertal subjects, urinary LH was not consistantly detectable by our radioimmunoassay technique which uses a 90 ml portion of the 24 h urine collection. Plasma estrogen concentrations rose from prepubertal levels (< 10 pg/ml E2, <20 pg/ml Ei) to peak values of approximately 150 and 250 pg/ml for E2, and 50 and 100 pg/ml for estrone on day 2.
DISCUSSION
These studies indicate that the hypothalamic pituitary negative feedback area (s) ("gonadostat") in prepubertal humans is highly sensitive to the suppressive effects of ethinyl estradiol. Additional evidence for an intact negative feedback system between the prepubertal gonad and the "gonadostat" was reported from this laboratory by Kulin, Grumbach, and Kaplan (5, 6) who found that as little as 1 mg/m2 per day of oral clomiphene citrate, an "anti-estrogen" with weak estrogenic activity, suppressed urinary FSH excretion in prepubertal children. Clomiphene has since been shown to decrease plasma testosterone in prepubertal boys (19) and to suppress plasma gonadotropins in adult males with "hypogonadotropic eunuchoidism" (20) . The unexpected finding of gonadotropin 'suppression in contrast to the stimulatory response elicited in adults given clomiphene citrate (21) (22) (23) (24) , was attributed to the intrinsic estrogenic properties of clomiphene citrate (25) . The current results with ethinyl estradiol, a potent semisynthetic estrogen, support this interpretation. Suppression of plasma gonadotropins in prepubertal children ( Figs. 1 and 2) has not been demonstrated previously. Indeed, the low levels of plasma FSH and LH in prepubertal children and the relative insensitivity of the radioimmunoassays for plasma gonadotropins make it difficult to correlate changes in urinary gonadotropins with plasma values in this age group. Although patients 20 and 21 had no physical signs of pubertal development, they both had consistently detectable plasma FSH concentrations within the broad pubertal range (9) . In cross-sectional studies, a significant increase in plasma FSH has been found in females just before the onset of secondary sex characteristics (3) . In view of the plasma FSH values, our two patients might be expected to enter into puberty in the near future. Nonetheless, these studies demonstrate that the "gonadostat" in the prepubertal child responds to the natural sex steroids, 17fi-estradiol and estrone.
Evidence for an operative negative feedback system in the prepubertal rat and for a decrease in the sensitivity of the "gonadostat" at the onset of puberty has been well established for many years (26) (27) (28) (29) (30) . Until recently, however, data in man have been lacking. Fitschen and Clayton (31) and Rifkind, Kulin, and Ross (32) clearly demonstrated, by bioassay methods, that prepubertal children excrete FSH and LH. Radioimmunoassay results of plasma and urinary gonadotropins have also demonstrated that normal children have detectable gonadotropins, significantly greater than hypopituitary subjects (13, 14, 33, 34) . Penny, Guyda, Baghdassarian, Johanson, and Blizzard (3) detected increased concentrations of serum FSH and statistically significant, but less pronounced increases of serum LH in 5-10-yr old patients with gonadal dysgenesis. Results from this laboratory (1) indicate that plasma FSH is elevated in infancy in patients with gonadal dysgenesis, but plasma LH concentrations do not reach castrate levels until after 11 yr of age. Further, Laron and Zilka (2) noted that "compensatory hypertrophy" occurs in descended testes of prepubertal males with unilateral cryptorchidism. These observations, in light of the current data, strongly support the concept that the gonads regulate the secretion of gonadotropins in the prepubertal human and that the lrepubertal "gonadostat" is highly sensitive to the negative feedback effects of sex steroids.
The effect of EE in the early to late pubertal patients supports the concept that the sensitivity of the "gonadostat" decreases at the onset of puberty. Kulin, Grumbach, and Kaplan (6) found a 100-fold decrease in the sensitivity of the "gonadostat" to the suppressive effects of oral clomiphene citrate. Although we did not determine the amount of EE required to uniformly suppress urinary FSH in pubertal subjects, the relative change in sensitivity to EE seems to be less than that seen with clomiphene citrate. It has been found recently that 40 ug or more of EE is needed to significantly suppress gonadotropin excretion in adult males (Kulin, The absence of positive feedback responses in prepubertal children and the "positive" feedback effects of clomiphene in two girls with advanced puberty (6) suggest that the potential for a positive feedback response appears after midpuberty.
Several points must be considered when interpreting the results of this study. First, urinary excretion has been used as a reasonable and practical index of the pituitary secretion of gonadotropins; striking day to day variations in urinary LH and FSH were noted in this and previous studies (5, 6, 31) . Changes in the metabolic clearance of gonadotropins cannot be ruled out, but it seems highly unlikely that they could account for the current findings. Second, since only two of the prepubertal children had detectable urinary LH (37) .
